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Carbon Neutral
•	 Carbon sequestration
•	 1m3 of wood = 1.1 tons of CO2

Occupant Health
•	 Natural materials make for 

healthier spaces
New Engineered Products
•	 Elements are more reliable
•	 New structure types possible

Why Timber?

Mjøstårnet - Brumunddal, Norway - Voll Arkitekter



-- 17 --

Increased Density
•	 Higher density cities use less 

transportation energy

Why Tall Timber?

Source:  The Geography of Transportation Systems

Urban Density versus Transportation Energy Use
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Increased Density
•	 Higher density cities use less 

transportation energy
•	 High density living has lower 

emissions per floor area
•	 Need low carbon solutions for 

such structures

Why Tall Timber?

Source: Laurent et al. 2019

Material carbon footprint comparison for like structures
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Increased Density
•	 Higher density cities use less 

transportation energy
•	 High density living has lower 

emissions per floor area
•	 Need low carbon solutions for 

such structures
Current Challenges
•	 Lightweight structure
•	 Connection design
•	 Computational modelling
•	 Fire design

Why Tall Timber?
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Material Challanges
•	 Anisotropic material 

•	 behaves differently in each 
direction

•	 Natural material
•	 subject to deterioration

Tall Structure Challenges
•	 Relatively lightweight
•	 Properties can change through 

the structure’s lifetime

(of tall timber structures)

Why Seismic Analysis?
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Current Modelling Strategies
•	 Complex to implement

•	 More accurate models are 
time-consuming for practice

•	 Disconnected from the main 
design workflow

•	 Does not consider changing 
parameters overtime

(of tall timber structures)

Why Seismic Analysis Workflow?
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Problem Statement

Current practice-oriented seismic analysis 
methods for tall timber structures are

isolated from the main design process, 
complex to implement, and do not 

consider variability of parameters over the 
structure’s lifetime.
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How will this problem be addressed by the research project?

Objective

Develop a practice-oriented seismic analysis 
workflow for tall timber structures which 

is integrated into the main design process, 
is quick and adaptable to implement, 

and includes lifetime analysis options.
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What is the existing practice and knowledge for 
the seismic analysis of tall timber structures?

Questions

What is the accuracy, applicability, 
and advantage of this workflow?

How can this knowledge be applied in a 
practice-oriented workflow for seismic analysis?

What is a tall timber 
structure?

What are the trends in 
tall timber construction?

What are the existing 
methods for seismic analysis of tall timber structures?

Which parameters impacting seismic performance are 
subject to change over time?

What are the limitations of current methods?
How can a lifetime analysis be incorporated into the workflow?

What is the impact of the lifetime analysis?
How does the workflow impact 

the decision making process for the engineer?
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Project Scope

8+ stories

CLT WallsCentral Core Shear Walls

Rectilinear Residential

Form and Function

Structural System

Building Standard

Analysis
Europe Region

Static Linear Analysis

EN 1995

Post Event

EN 1998

Over Time
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CLT Panels
•	 Single- or multi-panel

•	 Work together to resist 
lateral loads

Hold downs
•	 Resist tension from overturning
Angle brackets
•	 Resist shear forces at base
Screws in joint
•	 Resist sliding forces between 

panels

CLT Wall Construction
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Source: Upgraded Model, Rinaldi et al. 2021

Deformation Behavior

Sliding Rocking
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Full Structure Analysis

Seismic Parameters
•	 Spectral acceleration
Structural Parameters
•	 Mass and stiffness distribution
•	 Building period
•	 Seismic coefficient

What is required for full structure analysis?

Eigen model

Relationship b/t eigen analysis and building period

Determining the seismic coefficient from the 
design spectra and the building period
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Full Structure Analysis

Seismic Parameters
•	 Spectral acceleration
Structural Parameters
•	 Mass and stiffness distribution
•	 Building period
•	 Seismic coefficient
Force Distribution
•	 Base shear 
•	 Distribute to floors based on 

story height and weight
•	 Distribute to walls based on 

effective stiffness

What is required for full structure analysis?
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Lifetime Analysis

Previous Seismic Event
•	 Stiffness reduction from:

•	 Fastener failures
•	 Fastener withdrawals
•	 Wood crushing

How can these events or time variables impact seismic performance?

Wood crushing under hold-downsSeven story test structure from the SOFIE projectSource: SOFIE project, Ceccotti et al. 2013

Nail withdrawal at 
angle brackets

Nail failures at 
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Lifetime Analysis

Previous Seismic Event
•	 Stiffness reduction from:

•	 Fastener failures
•	 Fastener withdrawals
•	 Wood crushing

Future Renovation
•	 Mass distribution
•	 Stiffness change
Biological Degradation

How can these events or time variables impact seismic performance?



-- 95 --

Linear regression for dowel bearing strength over time of fungal exposure for three species of wood: 
Douglas Fir, Norway Spruce, and Spruce Pine Fir (Source: Udele et al. 2024)
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•	 Wood crushing
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•	 Mass distribution
•	 Stiffness change
Biological Degradation
•	 Stiffness and mass loss in CLT
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Deterioration causes loss in mass and stiffness Related to moisture exposure and time
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Linear regression for dowel bearing strength over time of fungal exposure for three species of wood: 
Douglas Fir, Norway Spruce, and Spruce Pine Fir (Source: Udele et al. 2024)

Lifetime Analysis

Previous Seismic Event
•	 Stiffness reduction from:

•	 Fastener failures
•	 Fastener withdrawals
•	 Wood crushing

Future Renovation
•	 Mass distribution
•	 Stiffness change
Biological Degradation
•	 Stiffness and mass loss in CLT
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Linear regression for dowel bearing strength over time of fungal exposure for three species of wood: 
Douglas Fir, Norway Spruce, and Spruce Pine Fir (Source: Udele et al. 2024)

Lifetime Analysis

Previous Seismic Event
•	 Stiffness reduction from:

•	 Fastener failures
•	 Fastener withdrawals
•	 Wood crushing

Future Renovation
•	 Mass distribution
•	 Stiffness change
Biological Degradation
•	 Stiffness and mass loss in CLT
•	 Embedment strength of 

fasteners in connections

How can these events or time variables impact seismic performance?

Deterioration causes loss in mass and stiffness Related to moisture exposure and time
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When to use the tool?

The Workflow

Structural 
Model

Structural 
Analysis
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Structural 
Model

Structural 
Analysis

Architectural 
Model

Results

Material
Database
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Excel

Excel

Python

Rhino 3D

OpenSeesPy

Grasshopper

Structural 
Model

Structural 
Analysis

Material 
Database

Results

Architectural 
Model
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The Workflow

Excel Python OpenSeesPy

Structural 
Model

Structural 
Analysis

Material 
Database

Results

Architectural 
Model

Excel

GrasshopperRhino 3D
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Model Generation
Create Geometry

Wall Geometry
•	 Split at each floor
•	 Ignore walls with openings
Floor Geometry
•	 Ignore shafts and openings
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Model Generation
Create Geometry

3D model of example structurePlan view of example structure

Wall Geometry
•	 Split at each floor
•	 Ignore walls with openings
Floor Geometry
•	 Ignore shafts and openings
Modelled with Rectangle 3D



The Workflow

Excel

Excel

Python

Rhino 3D

OpenSeesPy

Grasshopper

Structural 
Model

Structural 
Analysis

Material 
Database

Results

Architectural 
Model
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CLT properties

Materials Database

Raw Timber Properties
•	 Species
•	 Board thicknesses
•	 Raw timber properties
Panel Properties
•	 Elastic and shear modulus

•	 Calculated via research

Ev

Eh

E90Gv

t

Elastic Moduli calculated via 
Blass et al. 2004

Shear Modulus calculated via 
Bogensperger et al. 2016
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CLT properties

Materials Database

Raw Timber Properties
•	 Species
•	 Board thicknesses
•	 Raw timber properties
Panel Properties
•	 Elastic and shear modulus

•	 Calculated via research
•	 Thickness of panel

Ev

Eh

E90Gv

t
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CLT properties

Materials Database

Raw Timber Properties
•	 Species
•	 Board thicknesses
•	 Raw timber properties
Panel Properties
•	 Elastic and shear modulus

•	 Calculated via research
•	 Thickness of panel
•	 Number of layers
•	 Layer thickness ratio

•	 Calculated via research

Ev

Eh

E90Gv

t
n = 5

tt = 3/5 t
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Hold Down properties

Materials Database

Connection Properties
•	 Yielding load and deflection
•	 Stiffness in both directions
•	 Plate thickness
•	 Overstrength
Fastener Properties
•	 Length
•	 Diameter
•	 Amount

Source: Simpson Strong Tie

CLT floor

Fy

hold-down

CLT panel

Fy
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Angle Bracket properties

Materials Database

Connection Properties
•	 Yielding load and deflection
•	 Stiffness in both directions
•	 Plate thickness
•	 Overstrength
Fastener Properties
•	 Length
•	 Diameter
•	 Amount

Source: Simpson Strong Tie

FyFy
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Screw Joint properties

Materials Database

Joint Connection Properties
•	 Joint type (splice or lap)
•	 Load direction (vertical in 

plane)
•	 Orientation (Parallel)
•	 Yield strength
•	 Stiffness

Source: Gavric et al. 2015



Excel

Excel

Python

Rhino 3D

OpenSeesPy

Grasshopper

Structural 
Model

Structural 
Analysis

Material 
Database

Results

Architectural 
Model

The Workflow
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Programs and Workflow



Life Time Analysis

Biological 
Degradation

Previous 
Seismic Event

Renovation

Select Geometries
Wall geometries

Floor geometries

Extract Data
CLT props

HD props

AB props

SC props

Define Object Types
Wall types

Floor types

Create Objects
Wall objects

Floor objects

Structure 
Definition

Static Linear 
Analysis

Seismic 
Parameters

Additional Loads
Snow Loads

Occupancy

Material Database

Architectural Model Results
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Previous 
Seismic Event

Renovation

Extract Data
CLT props

HD props

AB props

SC props

Define Object Types
Wall types

Floor types

Create Objects
Wall objects

Floor objects

Structure 
Definition

Static Linear 
Analysis

Seismic 
Parameters

Additional Loads
Snow Loads

Occupancy

Material Database

Architectural Model Results

Select Geometries
Wall geometries
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The Workflow



Walls
Wall type 1

Floor type 1

Wall type 2

Floor type 2

Wall type 3
Wall type 4

Floors

Grasshopper

Rhino 3D
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Organized by Layers
•	 Separate wall and floor layers

Selecting Geometries



Walls
Wall type 1

Floor type 1

Wall type 2

Floor type 2

Wall type 3
Wall type 4

Floors

Grasshopper

Rhino 3D
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Organized by Layers
•	 Separate wall and floor layers
•	 Separate by types into 

sublayers

Selecting Geometries



Walls
Wall type 1

Floor type 1

Wall type 2

Floor type 2

Wall type 3
Wall type 4

Floors

Grasshopper

Rhino 3D
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Organized by Layers
•	 Separate wall and floor layers
•	 Separate by types into 

sublayers
Bring into Grasshopper

Selecting Geometries



Life Time Analysis

Biological 
Degradation

Previous 
Seismic Event

Renovation

Select Geometries
Wall geometries

Floor geometries

Define Object Types
Wall types

Floor types

Create Objects
Wall objects

Floor objects

Structure 
Definition

Static Linear 
Analysis

Seismic 
Parameters

Additional Loads
Snow Loads

Occupancy

Material Database

Architectural Model Results

Extract Data
CLT props

HD props

AB props

SC props
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GrasshopperExcel
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Model Generation
Import Material Data to Grasshopper

•	 Connect file path to materials 
database



CLT catalogue CLT props

HD type HD props

AB type AB props

SC type SC props

Number of 
fasteners

Number of 
fasteners
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Behavior factor q = 3.0
Source: Hummel and Seim, 2019
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